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ABSTRACT 

The Chandra Multiwavelength Plane (ChaMPlane) Survey aims to constrain the Galactic population of 
mainly accretion-powered, but also coronal, low-luminosity X-ray sources (Lx < 10 33 erg s _1 ). To investi 



gate the X-ray source content in the plane at fluxes F x 



3x10 14 erg s 1 cm 



we study 2 1 of the brightest 



ChaMPlane sources, viz. those with >250 net counts (0.3-8 keV). By excluding the heavily obscured central 
part of the plane, our optical/near-infrared follow-up puts useful constraints on their nature. We have discov- 
ered two likely accreting white-dwarf binaries. CXOPS J154305. 5-522709 (CBS 7) is a cataclysmic variable 
showing periodic X-ray flux modulations on 1.2 hr and 2.4 hr; given its hard spectrum the system is likely 
magnetic. We identify CXOPS J175900. 8-334548 (CBS 17) with a late-type giant; if the X-rays are indeed 
accretion-powered, it belongs to the small but growing class of symbiotic binaries lacking strong optical nebu- 
lar emission lines. CXOPS J 171340.5-395213 (CBS 14) is an X-ray transient that brightened >100 times. We 
tentatively classify it as a very late-type (>M7) dwarf, of which few have been detected in X-rays. The remain- 
ing sources are (candidate) active galaxies, normal stars and active binaries, and a plausible young T Tauri star. 
The derived cumulative number density versus flux (log N - log S ) relation for the Galactic sources appears 
flatter than expected for an isotropic distribution, indicating that we are seeing a non-local sample of mostly 
coronal sources. Our findings define source templates that we can use, in part, to classify the >10 4 fainter 
sources in ChaMPlane. 

Subject headings: cataclysmic variables — stars: flare — stars: individual (CXOPS J154305. 5-522709, CX- 
OPS J171340.5-395213, CXOPS J175900.8-334548, HD 97434) — surveys — X-rays: 
binaries — X-rays: stars 
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1. INTRODUCTION 

The Galactic population of low-luminosity X-ray sources 
(Lx < 10 33 erg s _1 ) includes normal and active single 
stars and binaries, pre-main sequence stars, milli-second pul- 
sars, and close binaries containing accreting compact objects 
(white dwarfs in cataclysmic variables or CVs; neutron stars 
and black holes in quiescent high- and low-mass X-ray bina- 
ries, qHMXBs and qLMXBs). Due to sensitivity constraints 
of previous surveys, little is known about the distribution of 
these sources on Galactic scales, or about rare sources for 
which one needs to sample a large volume to study them as 
a class. With XMM-Newton and especially Chandra, which 
combine sensitivity with excellent s patial resolution, existing 
imaging Galactic X-ray surveys (e.g. lHertz & Grindlayl 19841) 
can be extended with 2-3 orders of magnitude higher sensitiv- 
ity down to 10~ 15 erg s _1 crrT 2 and with precise searches for 
counterparts at other wavelengths. This is what drives several 
ongoing campai gns, like the XMM -Newton Galactic Plane 
Survey (XGPS: iHaiids et all 12001 and our own Chandra 
Multi -wavelength Plane survey (ChaMPlane; Grindlay et al. 
120051) . Such surveys are important for understanding the X- 
ray emission from galaxies. What was previously observed as 
a diffuse "band" of X-ray emission along the plane (the Galac- 
tic Ridge X-ray Emission or GRXE) has, for a significant part, 
been resolved into discrete sourc es (about 50% at 3 keV a bove 
10~ 16 erg s _1 cirr 2 (0.5-7 keV): IRevnivtsev et al.ll2009h . As 
the GRXE and the diffuse X-rays from non-s tarbust galaxies 
have similar properties (IRevnivtsev et alJl2008l) . a substantial 
point-source component is also implied for the latter. But only 
in our own Galaxy can we study individual sources, as no ob- 



servatory in the foreseeable future is able to resolve the faint 
X-ray emission from other galaxies. 

The main goal of ChaMPlane is to constrain the Galactic 
distribution of faint accretion-powered sources (mainly CVs); 
the secondary goal is to do a deep survey of stellar coronal 
sources. We systematically pr ocess Chandra Adva nced CCD 
Imaging Spectrometer (ACIS; Ga rmire et al.ll2003l) pointings 
in the plane to analyze serendipitous detections, and do op- 
tical and near-infrared (nIR) follow-up for source classifica- 
tion. Whereas the XGPS studies a specific, approximately 3- 
deg 2 region of the plane between Galactic longitudes / = 19° 
and 22°, ChaMPlane uses archival data without any restric- 
tions on longitude. By now, our coverage is about 7 deg 2 and 
encorporates our dedicated survey s of low-extinction bulge 
regions (" Windows Survey"; e.g. Ivan den Berg et all 120091: 
iHong et afll2009l) and of a latitudinal strip around the Galac- 
tic center ("Bulge Latitude Survey"; Grindlay et al. 2012, in 
preparation). Our focus on the bulge is driven by trying to un- 
cover the nature of the thousands of hard inner-bulge sources 
that are believed to be accreting compac t objects — -the lar gest 
such population in the Galaxy (see e.g. Muno et al. 2009|). 

Most of our sources are detected with only a few tens of 
counts or less. Here we want to highlight the brightest ChaM- 
Plane sources, for which we can study the X-ray spectra and 
light curves in more detail. Not only does this sample include 
objects that are worth further investigation on their own ac- 
count, but it also allows us to study the typical content and 
flux distribution of sources covered by the high-flux end of 
our survey (Fx > 3 x 10~ 14 erg s _I cm -2 ), and define charac- 
teristic source types to be used as templates for the many faint 
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Table 1 

The sample of bright sources 
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Note. — Columns: 1) source number; 2) source name; 3) observation identification number and aimpoint; 4) date of start observation in format 20YY-MM- 
DD; 5) exposure time (GTI); 6) integrated Galactic column density in the direction of the source from Drimmel et al. (2003) in units of 10 22 cm~ 2 ; 7) radius of 
the 95% error circle; 8) angular offset from the aimpoint; 9) net counts (0.3-8.0 keV); 10) flux limit in units of 10~ 14 erg s~' cnT 2 (0.3-8 keV, unabsorbed) for a 
source at the aimpoint that corresponds to a minimum of 250 net counts, for a power-law spectrum with T = 1.7 and N\\ = A'H.Gal ( see column 6); 11) flag for the 
detection of a candidate optical counterpart; 12) flag for the detection in other ACIS pointings in our database. The associated ObsIDs are for CBS 2: 835; CBS 
8: 1845, 1846, 3672, 3807; CBS 12: 757; CBS 18: 949, 1523; 13) potential 2XMM counterpart. 



a Not corrected for pileup. 

b The source is detected in the stack of two observations. Exposure time, net counts, , offset angle, and flux limit refer to the properties derived from the 
stacked data. 



sources in our database. Despite our focus on the bulge, for a 
survey like ChaMPlane this region also has its disadvantages. 
The high stellar density complicates source identification in 
the optical/nlR. Moreover, the severe extinction along the line 
of sight restricts a priori the detection of intrinsically faint (in 
the optical/nlR) objects like CVs to a few kpc, as illustrated by 
our C V discoveries in a few central-bulge fields dKoenig et all 
2008). Therefore, we defer the study of our brightest sources 
towards the central part of the Galaxy to a future paper. Here 
we exclude the central +2° around the Galactic center. 

In Owe describe the sample selection and data analysis. 
We present the sources by class in $3] In ^4]we place a few in- 
dividual sources in a broader context, and conside r the sample 
as a w hole. Preliminary results were reported in lPenner et all 
(120081 

2. SAMPLE SELECTION AND DATA ANALYSIS 

At this writing, the ChaMPlane X-ray source catalog con- 
tains ~ 15 000 sources from archival ACIS imaging data at 
Galactic latitud es | | < 12 ° that meet the primary criteria 
established in Grind lav et all ([2005): preferably ACIS-I expo- 
sures (for the larger field of view) with exposure times > 20 
ks and without bright or extended targets that limit the sen- 
sitivity to serendipitous detections. Our preference for fields 
with a minimal column density A^h is almost impossible to 
realize in the bulge. In 32.11 we summarize the additional 
criteria adopted to select a bright-source sampl e, an d we ex- 
plain the X-ray and optical/nlR data analysis in 32.2l and 32.31 



General classification guidelines are outlined in 32.41 Cross- 
correlation of the sample with other X-ray catalogs is de- 
scribed in 32.51 

2.1. Sample selection criteria 

Three selection rules define the current sample. First, the 
number of net counts between 0.3 and 8 keV (our Bx band) 
has to exceed 250 so that a meaningful fit to the X-ray spec- 
trum can be made. Second, to keep positional errors small, 
a source cannot lie too far from the aimpoint. We only se- 
lect detections on CCDs 10-13 and CCD S3 for observations 
that use the ACIS-I and ACIS-S aimpoint, respectively For 
a source with 250 net counts or more, this results in 95% con- 
fidence radii that are < l'.'O for aimpoint offset angles up to 
10' (which covers the entire S3 chip and most, i.e. ~92%, of 
the ACIS-I array) and up to 176 out to the extreme corners 
of ACIS-I. Positional errors are estimated using the empirical 
relation between the 95 % confidence radius , net counts, and 
offset angle presented in iHong et ail (12)05), which is based 
on extensive MARX simulations. Finally, we exclude the re- 
gion within 2° of the Galactic center (GC) to avoid the most 
crowded and obscured part of the plane. A t otal of 63 observa- 
tions covering 3 deg 2 satisfy this criterion. IZhao et ail (12005b 
includes a list of our fields that cover these observations; a 

1 See Fig. 6.1 in the Chandra Proposers' Observatory Guide (POG) at 
http://cxc.harvard.edu/proposer/POG/html for the layout of ACIS detector ar- 
ray. 
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Figure 1. Distribution of the fields from which we selected the bright 
sources. Filled circles are the fields that include targets from Table [T] The 
symbol size scales with the exposure time, which has a maximum GTI value 
of 106.2 ks. 

few more were added recently, but most of these lie within 2° 
of the GC and would not have been considered for the present 
st udy. The only fie ld that is included here but is not listed 
in lZhao et alj (120051) is located at (/,fc>)=(148. 19°,+0.8 1 °) and 
was covered by an ACIS-S observation. 

Our final sample contains 21 sources from 14 single ob- 
servations and 2 stacked fields that each consist of 2 over- 
lapping obs e rvatio ns added together to increase sensitivity 
dHongetalJ §005) give details of our stacking procedure). 
Table Q] lists the sources in order of increasing right ascen- 
sion, and summarizes the basic properties. Fig.Q~|snows their 
distribution in the plane. For convenience we use the acronym 
CBS (ChaMPlane Bright Source) to designate the sources in 
the text instead of their CXOPS name (column 2 of Table [TJ. 

2.2. X-ray analysis 

Hong et al. (2005, 2009) explain the ChaMPlane pipeline 
for processing the ACIS data. We refer to those papers for 
details on source detection, and the computation of net source 
counts and 95% confidence radii on source positions (rgs). 
We comp ute energy quantile s E x following the method de- 
scribed in Hon g et aTT (l2004). which allows us to study the 
time-resolved spectral properties of our sources. 

For each source we create a background-subtracted 
lightcurve with the CIAO tool dmextract. Counts are ex- 
tracted from a region that includes 95% of the energy at 1.5 
keV; the background is estimated from a source-free annu- 
lar region centered on the source position. A Kolmogorov- 
Smirnov (K-S) test on photon arrival times indicates that three 
sources may be variable (probability for a constant count rate 
Pks < 1%)- Since the K-S test is only a rough guide to source 
variability, we follow up with visual inspection of each light 
curve. We thus identify CBS 7 as a possible fourth variable 
(Pks = 26%). The variability of these sources is further dis- 
cussed in $3] 

We use psextract to extract spectra from the same regions 
used to measure the net source counts, and generate rmf and 
arf response files for the source and background regions. For 
the purpose of fitting, spectra are grouped with at least 20 
counts per bin in order to use the x 2 statistic. Data that 
have accumulated in the ChaMPlane archive have been pro- 
cessed with various CIAO versions and calibration files. For 
consistency, we use the more recently calibrated data from 



the Chandra archive (processed with CIAO 3.4/CALDB 3.30) 
for the spectral analysis of all sources. Spectra are fit- 
ted within SherpcQ version 4.3 to a non-thermal and two 
thermal models: a power law (the powlawld model), ther- 
mal bremsstrahlung (xsbremss), and a MeKaL model for an 
optically-thin thermal plasma appropriate for stellar coronae 
{xsmekal). For the MeKaL model, we fitted one (IT) and 
two-temperature (2T) plasmas, and treated the global metal 
abundance Z as a fit parameter or fixed it to the solar value. 
We only adopt the results of the variable-Z or 2T model if 
fitting for the extra parameters significantly improves the fi0; 
based on this criterion a 2T model turns out to be warranted 
for 3 sources. We account for an absorbing column density 
Nn using the xsphabs model. For each source, the best-fit 
model is presented in Table[2] All errors quoted correspond to 
68% (lcr) confidence intervals, computed with the confidence 
method inside Sherpa. For CBS 20, we report the results of 
fitting the spectrum of ObsID 2787 only, which constitutes 
~95% of the total spectrum. 

CBS 10 and 14 are piled up by 6% and 30%, respectively. 
We corrected the count rates accordingly, but the correction 
for CBS 14 is quite uncertairQ. To make sure that the spectral 
fits are not affected by pileup, we excluded events from the 
central source regions with radius r. By trying different val- 
ues of r, we found that r = 1.5 (CBS 10) and r = 2.0 (CBS 
14) pixels are adequate (i.e. larger values give the same fit re- 
sults) leaving 90% and 50% of the detected events available 
for spectral fitting. Energy fluxes were computed by applying 
the derived count rate-to-flux conversion factors to the pileup- 
corrected count rates. For CBS 10 the 2T MeKaL fit seems 
to systematically underestimate the count rate in the highest 
energy bins between 2 and 4 keV even after removing a large 
core region. A third, hotter component may be needed to im- 
prove the fit. 

Column 12 of TableQ]indicates whether a source is detected 
in a pointing included in our database other than the one listed 
in column 3. By definition these additional detections have 
fewer counts. By comparing count rates and energy quantiles 
(0.3-8 keV) of each detection, we found that CBS 2, 8 and 12 
are potentially long-term variables. This is discussed further 
in §1 

2.3. Optical/nIR data and analysis 

Each ChaMPlane field is imaged through the VRIHa filters 
using the Mosaic cameras on the KPNO-4m and CTIO-4m 
telescopes. Sequences of deep and shallow exposures pro- 
vide coverage from R « 12 to 24 with S /N > 5. Our values 
for Ha - R colors are defined as the offset from the median 
Ha - R color of all stars in a given field; negative values mark 
an Ha excess flux. We tie the absolute astrometry of the Mo- 
saic images to the International Celes tial Reference Syst em 
(ICRS) using stars in the USN O-A2 dMonet etalJl!998h or 
2MASS (ISkrutskie et alJl2006h catalogs with rms residuals to 
the fit of typically < 071. The astrometric solution of Chan- 
dra images as a whole can be offset from the ICRS by up to 
077 (90% uncertaintjQ). Without correcting for such a sys- 
tematic offset, or boresight, positions of X-ray sources could 



2 See http://cxc.harvard.edu/sherpa/ 

3 F-test probability of the more complex model being correct >95%. 

4 See the Chandra ABC Guide to Pileup. We assumed that the grade mit- 
igation parameter a = 0.8. CBS 10 is only mildly piled up and the result is 
insensitive to the value of a. For CBS 14, the pileup fraction is 67% (25%) 
for a = 0.75 (0.9); the quoted fluxes change by 70% for this range of a. 

5 http://cxc.harvard.edu/cal/ASPECT/celmon/ 
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Table 2 

Parameters of the best model fits to Chandra spectra 



Power-law model 
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8.5±0.6 
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40±2 
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0.18±0.02, 0.58±0.07 
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<0.02 


5 +0J 


340±8 a 




112±3 a 


1.01/28 


19 




0.7±0.3 


= 1 


5.7±0.4 




2.8±0.2 


0.81/10 


20 




<0.29 


u u -0.03 


2.6±0.1 




0.31±0.02 


0.94/6 


21 


0.79±0.03 


<0.02 


0.10±0.02 


22.3±0.7 




1.50±0.05 


1.42/41 



Note. — Top: Sources with spectra that are best fit with a power law. Bottom: Sources with spectra that are best fit with a thermal model, which is a 17" or 27 
MeKaL plasma except for CBS 8 where thermal bremsstrahlung provides a better fit. From left to right: source number; photon index T or plasma temperatures 
kT; column density; metal abundance (only for MeKaL models); unabsorbed flux in the 0.3-8 and 2-8 keV bands; reduced^ 2 and degrees of freedom. Maximum 
values for Nh.x correspond to 1-tr upper limits. Errors on the flux only take into account the statistical error in the net counts (Table[lJ. 



"After correcting for pile up. The fluxes for CBS 14 are very uncertain given the high pileup fraction, see text. 



be shifted with respect to those of their true optical counter- 
parts with an amount that is much larger than rgs , which would 
harm the optical identification. After correcting for the bore- 
sight, we cross-correlate the X-ray and optical source catalogs 
to look for candidate optical counterparts. The adopted 3<x 
search radius takes into account errors on t he X-ray and opti- 
cal positions as well as the boresight error. IZhao et alJ (2005) 
describe the details of our optical imaging campaign, the im- 
age processing, computing the boresight correction, and the 
matching procedure. 

ChaMPlane's spectroscopic campaign is still ongoing. For 
many of the candidate optical counterparts in Table Q] we 
have already obtained low-resolution (3-7 A) optical spectra 
during various runs conducted between 2002 and 2010 with 
the FAST spectrograph on the FLWO-1.5m telescope, the 
IMACS spectrograph on the 6.5m Magellan Baade telescope, 
and the Hydra spectrographs on the WIYN-3.5m and CTIO- 
4m telescopes. The spectra are reduced and extracted with a 
combination of standard IRAF software and dedicated pack- 
ages. We assign spectral types by comparison w ith spectral 
stand ards observed with a similar resolution (e.g. Jacoby et al. 
1984). As a check we run the SPTCLASS code by J. Hernan- 
defl which assigns spectral types by measuring the strength 
of certain absorption features. Both methods give consistent 
results. 

In summary, of the 21 sources in our sample 17 have candi- 
date optical counterparts, and in each case only a single match 

6 http://www.astro.lsa.umich.edu/ hernandj/SPTclass/sptclass.html 



is found. Two of these (CBS 5 and 6) have very bright optical 
matches that are overexposed in the Mosaic images; for CBS 
5, we use photometry from the literature. We have optical 
spectra for 12 of the 17 candidate counterparts. Table [3] lists 
the properties of all candidate counterparts. The optical/nIR 
color-color diagrams of Fig. |2]are used for constraining lumi- 
nosity classes and classifications when optical spectra are not 
available; see the discussion of individual sources in §[3] 

Finding an optical match does not guarantee it is the true 
counterpart, unless it shows other signs of activity (e.g. excess 
Ha flux) in which case a physical association is very likely. 
The random-match probability depends on several factors, in- 
cluding the local projected star density and the separation be- 
tween the X-ray and optical source. To give an idea of the 
expected number of chance coincidences, we give in column 
4 of Table [3] the number of stars expected in the 3cr search 
area based on the optical source density (down to the limiting 
magnitude of the Mosaic images) within 1' of the source. 

To complement the optical photometry we looked up the 
JHK S magnitudes of the optical matches in the 2MASS cat- 
alog and included them in Table [3] The quality flags in- 
dicate that the J and H magnitudes for CBS 19 are poten- 
tially contaminated by an image artifact. This star is also in- 
cluded in the UKID SS Galactic Planey Survey (GPS) catalog 
dLucas etalJl2008h : comparison of the J and H magnitudes 
shows them to be very similar to the 2MASS values with dif- 
ferences in the nIR colors of only ~0.1 mag. None of the 
other sources appear in the GPS catalog, which covers a lim- 
ited portion of the plane and is still in progress. 
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Table 3 

Optical and nIR properties of the candidate optical counterparts 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


CBS 


dx-o 


dx-o 


iVran 


V 


K 


/ 


Ha - R 


./ 


H 


A', 


Spectral type 


1 


0.19 


0.96 


0.02 


22.9(2) 


21.9(1) 


20.3(1) 


-0.1(2) 










2 


0.36 


1.53 


0.04 


19.2(1) 


18.9(1) 


18.4(1) 


0.0(1) 








AGN (z = 1.78) 


3 


0.08 


0.41 


0.04 


13.4(1) 


12.5(1) 


11.7(1) 


0.0(1) 


11.36(2) 


10.86(3) 


10.69(3) 


mid K; EW Hll ~ -0.2 ± 0.2 A 


4 


0.25 


0.89 


0.09 




17.3(1) 




-0.1(1) 


15.26(6) 


14.49(6) 


14.29(7) 


mid K; EW Hff * -3.4 ± 0.4 A c 


5 


0.16 


0.88 


0.001 


8.09 11 


7.95 a 


7.79 a 




7.66(3) 


7.65(4) 


7.62(3) 


07.5III(n)((f)) 


6 


0.42 


1.97 


0.10 




;£ 17 b 






10.73(3) 


10.40(3) 


10.35(3) 




7 


0.48 


1.94 


0.17 


21.5(1) 


20.9(2) 


20.3(1) 


-0.5(2) 










8 


0.18 


0.86 


0.06 


14.5(1) 


13.3(1) 


12.2(1) 


-0.1(1) 


10.43(2) 


9.57(2) 


9.32(2) 


early/mid K, filled-in Ha? 


9 


0.31 


1.43 


0.08 


22.5(1) 


20.9(1) 


19.4(1) 


0.0(1) 










10 


0.73 


2.81 


0.16 


12.5(1) 








9.80(3) 


9.13(2) 


8.95(2) 


mid/late K; EW H „ » -1.1 ± 0.3 A 


11 


0.28 


1.00 


0.33 




14.0(1) 




-0.2(1) 


12.23(3) 


11.56(4) 


11.44(4) 


12 


0.17 


0.99 


0.13 




12.9(1) 




0.1(1) 


11.91(5) 


11.58(4) 


11.47(3) 


early/mid K 


14 


1.38 


2.88 


0.50 


21.6(1) 


18.7(1) 


16.6(1) 


0.2(1) 


13.40(3) 


12.56(3) 


12.10(3) 


K7-M1 HI; EW Hff * -2.7 ± 0.4 A 


17 


0.14 


0.62 


0.19 


15.4(1) 


14.0(1) 




-0.1(1) 


11.01(3) 


9.99(3) 


9.72(3) 


19 


1.34 


2.88 


0.23 


18.0(1) 


16.2(1) 


14.9(1) 


-0.1(1) 


12.73(3) 


11.72(3) 


11.04(3) 


young star; EWn, ~ -6.6 ± 0.9 A 


20 


0.60 


2.25 


0.04 


15.6(1) 


14.8(1) 




-0.1(7) 


12.93(3) 


12.28(3) 


12.16(3) 


early/mid K; filled-in Ha-? 


21 


0.49 


1.60 


0.07 


12.2(1) 




11.3(1) 




10.68(2) 


10.23(3) 


10.14(2) 


mid G, early K; filled-in Ha? 



Note. — Columns: 1) ChaMPlane Bright Source number; 2) angular separation between X-ray source and candidate optical counterpart after correction for 
boresight; 3) same, but in units of the X-ray/optical match radius <x; 4) number of spurious matches based on the local projected source density down to the 
limiting magnitude of the Mosaic catalog; 5-8) optical photometry; 9-11) 2MASS photometry; 12) spectral classification, and, where relevant, equivalent width 
(EW) of the Ha emission line derived from optical spectra. Errors on the last significant digit are given in parentheses. 

"Optical photometry is taken from Vazquez & Feinstein 1 1990); we assume magnitude errors of 0.05. The spectral type is taken from Walborn 1 1973), to which 
we refer for an explanation of the qualifiers "( n )" and "((f))". 
b This star is overexposed in our deep Mosaic images, and falls in a chip gap in the shallow images. 
c Could be residual Ha emission from the background. 




Figure 2. Optical (left) and nIR (right) color-color diagrams showing the observed colors of the candidate counterparts (filled black symbols) connected with 
a dotted line to their dereddened colors (open symbols). Error bars are only plotted on the latter. The lengths of the redde ning vectors are base d on 7Yh,x, with 
the solid thick part of the lines representing the 1-cr errors. The slope of the vectors follows the extinction coe fficients from Cardelli et al. ( 1989). As an example 
of extinction laws that are mo re appropriate for the bulge, we include (in green) a reddening vector based on Popowski et al. (2003) and Sumi (2004) (for the 
optical), and Nishivama et al. ( 2008) (for the nIR). The gray area in the right panel marks the locus of classical T Tauri stars fCTTS^ jMever et alJ 1997). Circles 
mark sources we classify as stars, squares are likely AGNs, and diamonds are likely accreting binaries. The counterpart for the candidat e AGN CBS 9 is not 
plotted for clar i ty T he blue and red lines are the intrisic colors of main-sequence stars and giants, respectively, taken from Johnson 1 1966), Bessell ( 1991), and 
IBessel & Brett ( 1988). Filled blue circles show the colors of late-type M-dwarfs taken from Henry et al. (2004; spectral types M8, M9, M9.5) and Cruz et 
al. (2003; spectral types M 9, L0, L 1). The insets zoom in on crowded regions. See the electronic edition of the Journal for a color version of this figure. 
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2.4. Source classification 

A useful diagnostic to discriminate between stellar coronal 
sources, accreting binaries, and active galactic nuclei (AGN) 
is the ratio of the intrinsic and unabsorbed (u) X-ray and op- 
tical flux: \og(Fx/ Fo) u - logFx, u + m/2.5 - ZP. Here, m is 
the unabsorbed optical magnitude, and ZP is the logarithm of 
the optical flux for a star with magnitude 0. Assuming a fil- 
ter width of 1000 A, the val ue of ZP is -5.44 f or the V band, 
and -5.66 for the R band dBessel et al.lll998l) . Most coro- 
nal sources have log(Fx/^o)u S> — 1, whil e accretion-powere d 
sources typically have higher values (e.g. lStocke et al.l 1991). 
We note that some CVs, as well as accreting compact objects 
with massive companions, or qLMXBs with (sub)giant sec- 
ondaries can have \og{Fx/Fo) u < -1 as well. We use the Bx 
band and the R magnitude where possible, or the V magnitude 
otherwise, to calculate this ratio. The X-ray flux is obtained 
from the best spectral fit. X-ray and optical fluxes are cor- 
rected for absorption using the column density derived from 
the X-ray spectral fit (Na.x)- 

If we assume that the extinction arises primarily from the 
Galactic line-of-sight colu mn density, we can use the three- 
dimensional dust model of Drim mel et alj (120031) to derive 
distances. These are used in turn to calculate X-ray lumi- 
nosities Lx- Distance errors are calculated by inputing the 
1-cr errors on A/h,x to the dust model, and are propagated to 
estimate errors on Lx- This approach does not take into ac- 
count systematic uncertainties in the iDrimmel et al.l (2003) 
model that occur even after applying the "rescaling" factors 
to bring the model closer to the observed COBE/DIRBE far- 
IR data, which we have done here. To estimate the poten- 
tial systematic errors in our distances, we have compared the 
Ay-v ersus-distance curves from Drimmel et al. with those 
from iMarshall et all d2006l) . available for | Z | < 100°. The 
Marschall et al. extinction maps have a higher spatial reso- 
lution (15' compared to 35') and are derived by comparing 
2MASS photometry with a Galactic stellar population model. 
We find that the differences can be large, up to a factor of 2. 
We note that our assumption that the extinction stems only 
from the line-of-sight column density is not necessarily justi- 
fied. For sources that are internally absorbed this assumption 
can lead to overestimates of the distance, and hence the X- 
ray luminosity. Furthermore, for sources that lie outside the 
disk, this method can only provide a lower limit to the dis- 
tance. Cases for which Nu,x is close the asymptotic part of 
the extinction-versus-distance curve are marked in Table |H 
which summarizes our final classification and other derived 
properties. The errors on Fx, a and log(Fx/^o)u in Tables [2] 
and |4] are only based on the errors on the net counts and the 
magnitude errors, and do not include a contribution from the 
uncertainties in the spectral fit s. In the remainder we a ssume 
A/h = (1.79 x 10 21 ) x A v cnr 2 (iPredehl & Schmitdfl995l) . Ab- 
solute magnitudes and bolom etric luminosities as a f unction 
of spectral type are taken from Ostlie & Carrolll d2007) unless 
mentioned otherewise. 

2.5. Cross-correlation with other X-ray catalogs 

Many of our sources have potential counterparts in 
the XMM-Newton Serendipitous Source Catalog DR3 
(Wats on et al.l 120091) . We give the names of sources within 
3" from the Chandra position in column 13 of Table Q] For 
CBS 7, 14, and 17 we have done a further analysis of the 
XMM-Newton observations that include these source posi- 
tions. We have cross-correlated our sample with the ASCA 



Table 4 

Classification and derived properties for the bright sources 



CBS 


d 
kpc 


logL x 


log(F x /F )u 


comment 


Stars 


3 


1±0.4 


31.1 ±0.3 


-2.50 ± 0.03 




4 


1.8+0.3 


31.4±0.2 


-0.93 ± 0.05 




5 


2.8 


32.88±0.02 


-4.03 ± 0.03 




6 


0.9±0.7 


31 2 +a5 
-1.6 


< -0.5 C 




8 


3.4±0.9 


32.2±0.3 


-2.40 ± 0.05 




10 


< 0.5 


< 31.2 


-1.84 ±0.04 




11 


< 0.6 


< 30.1 


-2.39 ± 0.05 




12 


< 1.3 


< 30.8 


-2.95 ± 0.05 




14 


< 0.5 


< 32 e 


1.64±0.04 e 


flare star 


19 


3.0±0.8 


31.8±0.3 


-2.20 ± 0.05 




20 


< 3 


< 31.5 


-2.50 ± 0.05 




21 


< 0.2 


< 30.0 


-2.36 ± 0.04 




Accreting binaries 


7 


1.4+0.1* 


32.05±0.08 f 


1.31 ±0.07 


CV 


17 


4.9±0.8 


33.2±0.2 


-1.58±O.04 d 


symbiotic? 


AGN 


2 


> 2.4 a 


> 31.8 a 


-0.12±0.05 




AGN or accreting binaries 


1 


> 7.2 a 


> 32.8 a 


0.20±0.05 




9 


> 16 a 


> 33.8" 


-2.34±0.05 




13 


> 11" 


> 33.7" 


> -7.6 b 




15 


> 23" 


> 34.4 a 


> 0.3 b 




16 


> 4.4 


> 32.5 


> U b 




18 


5.8±2.4 


33 +0 3 

-01 


> -0.9 b 





Note. — Columns: 1) source number; 2) spectroscopic distance for CBS 
5 and 17; for the re maining sources this is the distance derived from the 
IDrimme l et al. 12003) model assuming t hat N nx arises primarily from the 
Galactic line-of-sight extinction, but see j|2.4l for caveats regarding these dis- 
tances; 3) X-ray luminosity (0.3-8 keV); 4) ratio of dereddened X-ray and 
R-band flux or V-band flux (for CBS 10 and 21), where only the errors on the 
X-ray net counts and the optical magnitudes are included in the uncertainties. 
Maximum (minimum) values on distance and L x are l-o" upper (lower) limits 
that result from the l-cr upper (lower) limit on A^h.x- 

a Ml,x exceeds the integrated Galactic colum n density (A'h.Gsi) in the direc- 
tion of the source according to Drimmel et al. (2003) by more than 1 <x. We 
set the lower limit on d to the distance where the extinction curve reaches its 
asymptotic value of Ay. 

b These sources lack candidate optical counterparts. We assume R ^ 24. 

c This star is saturated in our images. We assume R < 17. 

d We use Nnx to deredden the X -ray flux, and Nn = 3.25 X 10 21 to correct 
the optical flux. See text in 33.1.21 

c After correcting for pileu p. The uncertainty in the pileup correction is not 
included. See text in $ |2.2| 

'Distance and luminosity are based on Nnx obtained from fitting the XMM- 
Newton spectrum. 

Galactic Plane Survey source catalog (Sugi zaki et alj|200lT) 
but found no matches within the 1' positional uncertainty of 
the ASCA sources. 

3. RESULTS 

3.1. Accreting binaries 

There is compelling evidence that CBS 7 and 17 are Galac- 
tic binaries whose X-rays are powered by accretion onto a 
compact object, most likely a white dwarf. 

3.1.1. CBS 7: a cataclysmic variable 

CBS 7 has a hard spectrum that is best fit with a power 
law with F = 1.0 + 0.1; fits with thermal models only 
place a lower limit to the plasma temperature of kT > 50 



ChaMPlane bright X-ray sources 



7 



keV. Photometry of the optical source inside the error cir- 
cle gives \og(Fx/Fii) u = 1.3 + 0.1. The VRI colors of this 
source are blue compared to the bulk of the surrounding stars, 
and there is marginal evidence for excess Ha emission with 
Ha - R — -0.5 + 0.2. We present optical follow-up spec- 
tra that confirm the H a emission lines in CBS 7 elsewhere 
dServillat et al.l |20TTI) . These characteristics are typical for 
accreting binaries with compact objects. Using the derived 
A^h.x, we find a distance d — 1.2 ± 0.5 kpc, and an abso- 
lute magnitude M v « 10.0. We conclude that CBS 7 has a 
low-mass, unevolved donor and is likely a CV rather than a 
quiescent wind-accreting Be X-ray binary. Sources belonging 
the latter category can have similary hard X-ray spectra but 
their massive donors are much brighter in the optical. 

The X-ray light curve of CBS 7 is clearly variable, 
with recurring deep and shallow dips (Fig. |3). We ran a 
Lomb-Scargle period-search algorithm (Scarrie 1982) on the 
barycenter-corrected photon arrival times. Hong et al. (1201 ll) 
give details of the timing analysis. The power-density spec- 
trum between 20 s and 20000 s shows peaks with >99% sig- 
nificance at Pi = 4392 + 290 s and P 2 = 8772 + 957 s. The 
longer period corresponds to the spacing of the deep dips, 
while the shorter one is the spacing between the deep and 
shallow dips. Figs. @k and b show the Chandra light curves 
folded on Pi and Pi- We examined the time-resolved spectral 
parameters using quantile analysis, but see no indication for 
variations correlated with count rate. This could be partly due 
to poor statistics. 

CBS 7 is also serendipitously included in an XMM-Newton 
observation taken on 2003, Aug 14 (ObsID 0152780201; 81 
ks). We retrieved the data from the archive and performed 
further processing with SAS 10.0 following instructions in 
the XMM-Newton ABC Guidefl and the SAS Threads^ Af- 
ter filtering out time intervals with background flares, ~37 
ks (EPIC-PN), 59.2 ks (EPIC-MOS1), and 62.1 ks (EPIC- 
MOS2) of exposure time remains. Periods consistent with the 
values of P\ and P 2 show up as significant peaks in the peri- 
odograms of the PN light curves. For the MOS1 and MOS2 
data only the shorter period is significantly detected, but the 
folded light curves do not show convincing variability. On 
the other hand, folding the PN and MOS count rates on P 2 
and P 2 /2 produces light curves that are qualitatively similar 
to the Chandra light curves and give a smoother result than 
the periods derived from the XMM-Newton data (Fig.|4j;). 

To investigate the spectrum, we focused on the data from 
the PN camera given its larger effective area compared to the 
MOS cameras and Chandra ACIS at higher energies. We ex- 
tracted counts from a 20" source aperture, and corrected for 
background using a nearby source-free region on the same 
chip. Fitting a thermal-bremsstrahlung model to the PN spec- 
trum, grouped to have at least 20 counts per bin, sets a lower 
limit to the temperature of kT > 30 ke V. A power-law fit gives 
parameters that are consistent with those in Table [2] viz. F = 
1.30 + 0.06 and JV H ,x = (2.4 + 0.2) x 10 21 cirT 2 (y 2 = 1.07,91 
d.o.f.). The XMM-derived value for Nh,x is thus better con- 
strained than the value obtained by fitting the Chandra spec- 
trum, and gives a distance of 1.4 + 0.1 kpc; this i s the va lue we 
include in Table|4] Note however the caveat in SH4.1.1l regard- 
ing our distance estimate for this source. The residuals show 
a systematic excess between 6 and 7 keV compared to this 
model, which prompted us to add a gaussian-shaped emission 

7 http://heasarc.gsfc.nasa.gov/docs/xmm/abc/ 

8 http://xmm.esac.esa.int/sas/cuiTent/documentation/threads/ 




Figure 3. Background-corrected Chandra light curves of CBS 7 and CBS 3 
(0.3-8.0 keV). The points are average count rates in a sliding window with 
a width that is adjusted to include 50 counts. Error bars are shown for a few 
representative points where the horizontal error bar marks the bin width. 

line at a fixed position of 6.4 keV or 6.7 keV to mimic an Fe 
Ka fluorescent or He-like emission line. While the former 
does not give sensible line parameters, including a 6.7 keV 
line removes the systematic residuals. In the latter case, we 
find a marginal (95%) significance for the presence of the line 
using the m ethod of Bayesian post erior predictive probability 
values (e.g. Protassov et al. 2002). The spectrum can be de- 
scribed by T = 1.36 + 0.07, /V H ,x = (2.6 ± 0.3) x 10 21 crrr 2 , 
and a FWHM of 0.6+0.2 keV Of 2 = 0.98, 89 d.o.f.). The un- 
absorbed flux of F x , u = 6.3 x 10~ 13 erg s" 1 cirT 2 (0.3-8 keV) 
is about 25% higher than found with Chandra. 

3.1.2. CBS 17: a symbiotic binary? 

CBS 17 is detected <10 pixels away from the chip edge, so 
we use caution when considering its properties derived from 
the Chandra data. The hard power-law spectrum (F = 0.8 + 
0.2; or kT > 43 keV for a thermal model) suggests this source 
is accretion-powered. TiO absorption bands (5847-6058 A, 
6080-6390 A, 6651-6852 A) are clearly visible in our Hy- 
dra spectrum of the candidate counterpart, and their strength 
points at a late-K or early-M spectral type. The absence of 
the gravity-sensitive CaH lines around 6382 and 6389 A in- 
dicate this star is a giant (Fig. [5}. Ha is seen in emission, 
which supports the true association with the X-ray source. On 
these grounds we conclude that CBS 17 is likely a symbiotic 
binary where an evolved late-type star transfers mass to a hot- 
ter companion, in many cases a white dwarf. Many "canoni- 
cal" symbiotics are thought of as wind-accreting systems as 
the strong wind from the evolved companion manifests it- 
self through nebular emission lines excited by the high-energy 
photons created by the accretion process. We do not see such 
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Figure 4. Left and middle: Chandra light curves for CBS 7 (0.3-8 keV) folded on the periods P\ and Pj found by the Lomb-Scargle analysis. Right: XMM- 
Newton EPIC-PN light curve (0.3-8 keV) folded on Pi- Horizontal lines mark the average count rate. 




Table 5 

X-ray observations of CBS 17 used in our analysis 



5800 



6000 



6200 6400 
wavelength (A) 



6600 



6800 



Figure 5. The optical spectrum of the likely counterpart to CBS 17 (mid- 
dle; thick line) is com p ared to template spectra of dwarfs a nd giants of simi- 
lar spectral type (Jacoby et al. 1984; Silva & Cornell 1992) that are reddened 
withA'H = 3.5xl0 21 cm~ 2 . Our star clearly shows Ha emission. The vertical 
lines mark Cal (6102, 6122, 6162 A) and CaH (6382, 6389 A) lines that are 
prominent in dwarfs but weak or absent in giants and in CBS 17. 

prominent emission lines in CBS 17. Mass transfer would 
therefore have to take place through Roche-lobe overflow. 

The observed nIR colors of CBS 17 are only consistent 
with the spectral classification if the extinction is lower {Nh ~ 
3 x 10 21 cm~ 2 ) than the one derived from X-ray spectral fitting 
(Fig.|2j5). A lower value for Nh of about 3.5xl0 21 cirT 2 is also 
suggested by comparing the continuum slope of the Hydra 
spectrum to artificially reddened template spectra. Formally 
the error bar on Nh,x allows such low values (the difference 
is ~2.3<x), but the discrepancy can also indicate that there is 
material inside the system obscuring the X-ray emitting re- 
gion but not the late-type giant. Therefore, we do not use Nh,x 
to estimate a distance, but adopt N H = (3.25 + 0.25) x 10 21 
crrT 2 to calculate a spectroscopic distance based on the al- 
lowed range of spectral type. A K7 III giant has My - +0.4, 
while an Ml III giant has My = -0.2, resulting in d = 4.1-5.6 
kpc, and log Lx — 33.2 + 0.2. 

CBS 17 is included in three XMM-Newton observations. It 
is commented on by Angelini & White (2003, AW03; their 
source 1) as a serendipitous detection and possible AGN that 
stands out in a 6.2-6.8 keV Fe-ba nd image of the first of these 
observations. iKaaret et al.l (120061) also list CBS 17 among the 
serendipitous detections in the first and second XMM-Newton 
observation, as well as in the Chandra observation analyzed 
here. Their reported fluxes indicate long-term variability but 
are based on the assumption (for all their sources) of a power- 
law spectrum with T — 1.5 and A^h = 3.1 X 10 21 cm . This 
motivated us to do a more detailed analysis. Table [5] lists all 
X-ray observations for CBS 17. 



epoch 


telescope/instrument 


ObsID 


Date Obs 


T 'I 
A exp 

ks 


1 


XMM-Newton/EPIC-PN 


0032940101 


2001-03-08 


15.4 


2 


Chandra/AClS-S 


04586 


2004-06-25 


44.1 


3 


XMM-Newton/EPIC-PN 


0203750101 


2004-09-18 


42.7 


4 


XMM-Newton/EPIC-PN 


0500540101 


2008-03-15 


44.6 



a GTI exposure time 

We extracted spectra following the same procedures as for 
CBS 7, and restricted the analysis to the EPIC-PN data. First 
we fitted each spectrum individually. The results, summa- 
rized in the upper part of Table|6] indicate spectral and/or flux 
variability but the errors are large. Therefore we also tried fit- 
ting all spectra simultaneously, forcing various combinations 
of parameters to be the same for each epoch. Keeping Nh.x 
and the power-law slope and normalization the same gives an 
unacceptable fit with^ 2 = 1.81 and 278 d.o.f. for the over- 
all fit, which confirms the variability. Allowing only Nu,x to 
vary for each epoch does not result in a good fit either (over- 
all ;f 2 = 1.69, 275 d.o.f.). The same is true if we fix Nh.x 
and F, but allow the normalization to vary; in this case an un- 
satisfactory fit is found for epoch 1 and 2. If we let T and 
the normalization vary and keep Nh,x the same, a good fit is 
found for each epoch (Table |6l bottom). In this case we see 
small variations of T, and the intrinsic flux varies up to ~60%. 
The largest flux change is seen between two XMM-Newton 
observations (epoch 1 and 3), so this finding is unaffected by 
the fact that CBS 17 lies close to the chip edge in the Chandra 
observation. 

Fig. [6] shows the data and best model fits for fixed Nh- The 
spectrum from epoch 1 shows small positive residuals be- 
tween 6 and 7 keV that could correspond to the Fe K line re- 
ported by AW03. The good fits achieved with models without 
an Fe K line do not warrant adding such an emission compo- 
nent. When we do include a gaussian-shaped emission line, 
we find parameter values that are consistent with the results 
of AW03, viz. 6.24+0.15 keV and 0.66±0.24keV for the line 
center and width, F = 1.7 + 0.2, N H ,x = (0.9 ± 0.2) x 10 22 
cirT 2 , and F x , u = 4.8 x 10~ 13 erg s _1 cirT 2 (jcl = 0.91 for 39 
d.o.f.). Here we re-grouped the spectrum to >15 (instead of 
20) counts per bin for a slightly better resolution. Only the 
spectrum from epoch 1, during which the source was at its 
softest, shows a hint of a line. The absence of this line in the 
Chandra data could be due to the poorer sensitivity at higher 
energies. 

Follow-up studies are needed to uncover the nature of CBS 
17. With high-resolution optical spectroscopy the binary sta- 
tus can be established, and the orbital period and companion 
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Figure 6. Chandra and XMM-Newton spectra of CBS 17 are shown together 
with the best fitting model to the data. Solid lines are the model fits for an 
absorbed power law with the column density Nnx kept the same for each 
epoch. The model parameters are listed in the bottom part of Table|6] See the 

electronic edition of the Journal for a color version of this figure. 



Table 6 

X-ray spectral fits for CBS 17 



epoch T A'h.x 


F X ,„ x icr 13 


^/d.o.f 


10 22 cm~ 2 


erg s -1 cm -2 




each spectrum fit individually 






1 1.42±0.16 0.76±0.16 


4.2 


1.02/30 


2 1.0±0.3 0.8±0.2 


5.2 


0.91/23 


3 0.87±0.07 0.70±0.10 


6.6 


1.08/120 


4 1.19±0.08 0.66±0.10 


4.1 


0.93/96 


same Nnx for each epoch 






1 1.38+0.10 0.71±0.06 


4.1 


1.00/272 


2 0.64±0.10 


5.0 




3 0.87±0.06 


6.6 




4 1.23±0.07 


4.2 





Note. — A "." indicates that the parameter was forced to be the same for 
each epoch. 

masses can be constrained. To test if the companion is (close 
to) Roche-lobe filling, one can look for the signature of a dis- 
torted companion in the optical/nIR light curves. 

3.2. Stellar coronal X-ray sources 

We classify 9 sources (CBS 3, 4, 5, 6, 10, 11, 12, 20, 
21) as stars or active bin aries based on the following crite- 
ria: log(F x /fo)u S= ~1 (Koenigetal. 2008, and references 
therein), the X-ray spectrum is well fit by a thermal model, 
and the corresponding plasma temperat ure kT is a few keV at 
most. Their properties are described in jH3.2.1l (late-tvpe stars) 
and 33.2.21 (early-type star). Three ex ceptio nal cases — CBS 
19, 8, and 14— are discussed in ^3~23U3~231 

3.2.1. Normal and active late-type stars 

Our optical spectra show that CBS 3, 4, 11, 12, 20 and 21 
are G or K stars (Table [3). We have not obtained spectra for 
the candidate counterparts to CBS 6 and 10, yet. Considering 
their dereddened 2MASS colors, they are probably late-type 
stars as well, with spectral types around early G and early M, 



respectively (Fig. [2}?). The X-rays of late-type stars are emit- 
ted by a hot coronal plasma, which is confined by magnetic 
fields that are generated by a s olar-like dyna mo operating in 
the convective outer layers. See Giidel (2004) for a review. 

The X-ray derived extinction values for these eight stars are 
all relatively low, and consequently the Drimmel extinction- 
versus-distance curves place them nearby. Our estimates 
or upper limits on Lx are consistent with X-ray luminosi- 
ties of nearby F-K st ars (logLo.i-2.4kev ~ 26.5 - 29.5; 
iSchmitt &"L iefke 2004) and active binaries (logLo.1-2.4 keV ~ 
28 - 32; Dempsey et al. 1993, 1997) as measured by ROSAT, 
and of active binaries in o pen clusters (logLo.3-7 keV ~ 28-31; 
Ivan den Berg et all 12004) as measured by Chandra. If we 
adopt the A^n.x-derived distances to calculate absolute magni- 
tudes M v or M R , we find that CBS 4, 10, 1 1, and 21 are likely 
main-sequence stars or BY Dra-type active binaries, and CBS 
3 is likely a subgiant or an RS CVn-type active binary. CBS 
12 and 20 are dwarfs or subgiants, either single or in an ac- 
tive binary. While one should be wary when using our Nn,x~ 
derived distance estimates, we note that these sources are rel- 
atively nearby, and that non-flaring active stars or binaries are 
often not internally absorbed. Low-resolution stellar X-ray 
spectra are often found to be better fit with a sub-sola r coro- 
nal m etal abundance Z than with a solar abundance dGiidell 
2004). We also see this in the results of our fits to the spectra 
of CBS 3,6, 10, 11, 12, 20, and 21. 

With kT * 4 keV and log(F x /F R ) u * -0.9, CBS 4 appears 
to be more active than most of the sources in this category, 
which have kT < 1 keV. Here we could be seeing the effect 
of a coronal flare during the first ~20 ks of the observation. 
To study temporal variations in the energy spectrum of CBS 
4, we resort to quantile analysis as there are too few counts to 
fit, and compare, spectra extracted from different sub-intervals 
of the exposure. In quantile analysis, the energy values that 
divide the energy distribution of the photons in certain fixed 
fractions are used as spectral diagnostics. This approach is 
more powerful than measuring the number of counts in fixed 
energy bands (as is done when using hardness ratios), as the 
errors on the diagnostic a re less sensitive to the underlying 
spectral shape. Following Hong et al. (2004) we choose the 
median energy (£50), and the 25% and 75% quartiles (E25, 
£75) to characterize the spectra. By comparing the observed 
quantiles with those expected for a spectral model of choice, 
the X-ray spectral parameters and Nu.x can be constrained. 
As expected for a coronal flare, the spectrum of CBS 4 is 
harder when it is bright compared to quiescence, where the 
spectrum can be described by ~ 1 ke V thermal plasma. For in- 
termediate count rates (~10 cts ks -1 ) the source moves down 
in the quantile diagram which is the signature of two different 
temperatures contributing more or less equally. Flaring has 
been freque ntly observe d in M dwarfs, but also in earlier-type 
dwarfs (see Giidel 2004 and references therein). What is puz- 
zling is the trend of spectral hardening towards the end of the 
observation, when the count rate is at its lowest. 

CBS 3 is also an X-ray variable, showing a flare-like event 
near the end of the exposure (Fig . [3j . We see no indication for 
a change in its X-ray spectrum during the flare. 

CBS 12 is potentially a long-term variable. Besides in 
the observation we analyze here, it is detected in ObsID 757 
(2000 Aug 14, 13.4 ks GTI) with a significantly higher count 
rate: 9.8+1.2 versus 4.3+0.2 cts ks -1 . The energy quantiles in 
the two ObsIDs are consistent. 

3.2.2. CBS 5: an early-type star 
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Figure 7. Left: Background-corrected Chandra light curve of CBS 4 (0.3-8.0 keV). See the caption of Fig. fj] for a description of the binning. Middle: 
Time-resolved quantile diagram (0.3-8 keV) for CBS 4. Each point corresponds to the bin of the same color in the left panel. The points are plotted on a 
fhermal-bremsstrahlung grid, where the black lines represent a constant temperature kT and the gray lines represent a constant column density Nu (in units of 
10 22 cm -2 ). By comparing the observed quantiles with these grid lines, one can constrain the spectral parameters for this assumption of spectral model. A clear 
concentration towards two temperatures is seen. Note that the spectrum appears to become harder again in the last two time bins when the count rate is low. 
Right: The 0.3-8 keV count rate for CBS 14 shows an overall positive correlation with spectral hardness. Events from the piled-up core are excluded. See the 
electronic edition of the Journal for a color version of this figure. 



The bright star that is mat ched to CBS 5 is HD 97434. 
The 07.5111 classification by IWalbornl d 19731) is in better 
agreement with our Hydra spectrum than other classifica- 
tions fojmd_jnjflie_Jheratore ; _Using its colors and spectral 
type. iVazquez & Feinsteinl d 19901) derive Ay — 1.5 + 0.2 and 
My - -5.7 ± 0.15, where the errors were estimated by us 
(since none were given by Vazquez & Feinstein) and set to 
reasonable values based on the information provided in their 
st udy, and the c ompil ation of absolute magnitudes of O stars 
in iVacca et ail (119961) . This gives a distance to CBS 5 of 
d = 2.8 ± 0.4 kpc. The X-rays from single early-type stars 
are believed to arise from shock-heated plasma formed by 
instabilities in the strong winds emanating from such mas- 
sive stars. The spectra can be described by the combination 
of two thermal comp onents with kT x 0.3 and 0.7-1 keV 
(IGiidel & N aze 2009). This agrees with our results. We find 
log(F x /F R ) u * -4.0, and log(L x /iboi) * -6.3 (for d = 2.8 
k pc), also typ i cal for O stars. 

Bha tt et all d2010l) analyzed XMM-Newton data of HD 
97434 taken two months before the Chandra observation. To 
facilitate comparison, we fit our spectrum with their adopted 
model, i.e. a 2T APEC thermal plasma model (xsapec). Our 
data are not good enough to constrain Z. Setting Z/Z = 0.21, 
i.e. the value found by Bhatt et al, we find^x = (3 + l)xl0 21 
cm -2 , kT x = 0.24+0.05 keV, and kT 2 = 0.6+0.1 keV, suggest- 
ing no change in these parameters between the epochs. Bhatt 
et al. assume that HD 97434 is a memb er of the open cluster 
Trumpler 18 located at 1.55+0.15 kpc (Vazquez & F einsteinl 
1990). However, the spectroscopic distance (see above) 
places it behind the cluster by ~ 3cr. When adopting a com- 
mon distance, the Chandra luminosity is 2-3 times lower than 
the XMM-Newton value, indicating long-term variability. 

3.2.3. CBS 19: a pre-main sequence star 

The temperature derived for CBS 19 {kT = 4+ 2 keV) 
indicates a high level of activity. Our Hydra spectrum of 
the candidate counterpart shows a clear Ha emission line 
with EW=-6.0+0.8 A. At the poor signal-to-noise ratio of 
our spectrum, the continuum looks featureless except for the 
Nal D doublet around 5890 A, which could be interstellar in 
nature. This makes spectral classification challenging. At first 
sight, the optical and nIR colors of the candidate counterpart 
seem to disagree (Fig. |2j. The former suggest a spectral type 
of late-F to early-M, whereas the latter point at a late-M star. 
Such cool M stars show prominent TiO absorption bands in 



their optical spectra but these are notably absent in CBS 19. 

One explanation is that CBS 19 is a young, pre-main se- 
quence (PMS) star surrounded by a warm, circumstellar disk 
that causes excess nIR emission. In fact, after accounting for 
the extinction derived from Nh,x, the location of CBS 19 in 
the nIR color-color diagram (Fig. [2}}) agrees with the locus of 
the classical T Tauri stars (CTTS), a sub-class of PMS stars 
that are still active ly accreting from their circumstellar disk 
dMever et al.ll 1997b . The prominent but relatively weak (com- 
pared to CVs) Ho; emission is also in line with this classifi- 
cation. The X-ray properties of CBS 19 are typical for PMS 
stars, where X-rays are generated by a high level of magnetic 
activity, with a possible contribution of (relatively soft) X - 
rays from the accretion process (e.g. iFeigelson et all 12007). 
We note that the disk can be a source of local extinction, and 
therefore our estimates of the distance (d — 3.0 + 0.8 kpc) and 
luminosity (log Lx = 31.8+0.3 erg s -1 ) based on the Drimmel 
model may be too high. 

The Li 1 6708 A line is a well-known indicator of youth. De- 
tection of this line in high-resolution optical spectra of CBS 
19 would confirm its T Tauri nature. 

3.2.4. CBS 8: an RS CVn binary 

Our Hydra spectrum of the candidate counterpart to CBS 
8 classifies it as an early/mid K star. The X-ray spectrum of 
CBS 8 is rather hard for steady, stellar coronal emission. For a 
power-law model we find F = 1.9 + 0.2; for a bremsstrahlung 
model we find kT = 5.5*?o keV. The count rate is stable 
throughout the 48-ks observation, so it is unlikely that the hard 
spectrum is the result of a typic al coronal flar e which can have 
a decay time of up to -15 ks dGudelll2004l) . CBS 8 appears 
in our database four more times, always with a lower count 
rate (at a level of >3 <x). The largest difference is found with 
respect to ObsID 3807 (2002 Sep 24, 23 ks GTI) where the 
source is detected with 2.7+0.4 cts ks -1 compared to 10.7+0.5 
cts ks 1 in the observation analyzed here, taken a year later. 
In ObsID 3807 the source appears softer, with E50 = 1.2 + 0.1 
keV compared to £50 = 1.64 + 0.04 keV. The hardening and 
brightening of the source could point at an increased level of 
coronal activity occurring on a -year time scale. 

The distance derived from Nh,x gives an absolute magni- 
tude My - 0.4+i- 2 ,, pointing to the star being a luminosity- 
class III giant (for a K3 III star, My = +0.8). Also from Fig.|2] 
it can be seen that the spectral type better agrees with the op- 
tical/nlR colors if we assume the star is a giant instead of a 
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dwarf. The Ha absorption line is very weak, a sign that the 
line may be filled in by excess Ha emission. We tentatively 
classify CBS 8 as an active RS CVn-type binary. 

3.2.5. CBS 14: an ultracool dwarf? 

The X-ray spectrum of CBS 14 is well fitted with a 2T 
MeKaL model with kT\ ~ 0.9 keV and kT 2 * 2.5 keV, and 
minimal absorption (A^h.x < 2xl0 20 cm~ 2 ). Apart from small- 
amplitude variations, the count rate steadily declines during 
the ~9.5 ks observation. The spectrum becomes softer when 
the source gets fainter (Fig. |7). This is typical for a coronal 
flare, but since the source was already bright at the start of the 
observation it is impossible to say if the light curve shows the 
characteristic "fast rise, slow decay"-profile of a flare. 

The error circle of CBS 14 contains an extremely red object 
with V — K s = 9.4. Its optical/nIR colors place this object 
among the dwarfs with spectral type M 7 or later; these are 
the so-called ultracool dwarfs. This is illustrated in the color- 
color diagrams of Figs. [2] and [8] which also include nearby 
ultracool dwarfs. By comparing its J magnitude, and I - J 
and J - K s colors with those o f ultracool dwarfs at known 
distances dPhan-Bao et al.ll2~008l) . we estimate an approximate 
spectral type of M 9 and d a 24 pc. 

The area around CBS 14 is included in the field of view of 
the EPIC-MOS cameras in two XMM-Newton observations: 
0093670501 (2001 Mar 2; 14 ks) and 0207300201 (2004 Feb 
22; 34 ks); the source lies outside the field of the EPIC-PN 
camera. After filtering out background flares, ~13 ks and ~15 
ks of exposure time remain. No source is seen at the loca- 
tion of CBS 14. Upper limits on the flux are estimated by 
first extracting all counts (0.3-8 keV) from with in 20" of the 
Chandra source position. Using Gehrels] dl986l) . we compute 
the 3-cr upper limit on the number of counts. The background 
contribution is estimated from an annulus around the source 
position. The resulting limit on the net source counts is con- 
verted to a count rate limit using the value of the exposure map 
at the source position. With the spectral model of Table|2] we 
estimate that the most restrictive 3-cr flux limit comes from 
the 2001 observation and is ~1.6 x 10~ 14 erg s _1 cirT 2 . It is 
possible that the spectrum is softer when the source is not flar- 
ing, but for a kT = 0.5 keV MeKaL spectrum the upper limit 
on the flux changes only 10%. The flux from the Chandra ob- 
servation is uncertain due to the pileup. A conservative lower 
limit is obtained by assuming that the detected count rate is 
the incident count rate. This implies an unabsorbed flux of 
> 1.6 x 10~ 12 erg s _1 cm -2 (0.3-8 keV), meaning that CBS 14 
was >100 brighter during the Chandra observation compared 
to the time of the XMM-Newton observations. Therefore, our 
estimate of {Fx/Fo) u is very uncertain as our X-ray and opti- 
cal observations were not simultaneous. 

CBS 14 was not detected in the ROSAT All S ky Survey. The 
detec tion limit of -0.015 cts s _1 (0. 1-2.4 keV, iHuensch efall 
1998) gives an upper limit to the intrinsic flux of ~1.7 x 10" 13 
erg s" cm" 2 for a kT — 0.5 keV MeKaL model and A^h.x = 
2 x 10 20 cirT 2 . The lower limit to the Chandra flux is 1.4 x 
10~ 12 erg s _1 cirT 2 when extrapolated to the ROSAT band, 
implying a flux increase of at least a factor of ~8. 

Spectroscopic follow-up is needed to test our tentative clas- 
sification of CBS 14 as an ultracool dwarf. It is not obvious 
what an alternative explanation could be. The X-ray spec- 
trum points at negligible extinction and excludes the option 
of a background AGN or a heavily-obscured object to explain 
the red optical/nIR colors. The number of random interlop- 
ers inside the area searched for counterparts is iV ran = 0.5, so 
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Figure 8. Color-color diagram illustrating the tentative classification of CBS 
14 as a very late-type dwarf based on the optical/nIR colors of its candidate 
counterpart (green diamond). For comparison we include the intrinsic col- 
ors of main-sequence stars as a black (blue) curve, of giants as a light gray 
(red) c urve, and nearby (<30 pc) ultracool dwarfs (filled circles; H enry et al] 
(20041) 1 Most stars in a 5 ' X 5' region centered o n CBS 14 (grey dots) lie 
along the reddening vector I Nishiyama et al. 2008), shown with a length rep- 
resenting the total Galactic extinction in this direction (Ay = 10.4). The can- 
didate counterpart to CBS 14 lies away from this vector among the nearby 
ultracool dwarfs. Classification as an ultracool dwarf is consistent with the 
low extinction (Wh.x ;S 2 10 20 cm -2 or Ay < 0.1) found from the X-ray spec- 
trum. Errors on the colors of CBS 14 are smaller than the symbol size. See 
the electronic edition of the Journal for a color version of this figure. 

there is a reasonable chance that the red object is a chance co- 
incidence. This implies that the true counterpart has R > 24. 

3.3. AGN 

Based on its optical spectrum, we classify CBS 2 as an 
AGN. Broad emission lines, coming from gas moving at high 
speeds around the central supermassive black hole, are promi- 
nently visible and constrain the redshift to z ~ 1.78. Our 
database includes two detections of CBS 2: the one analyzed 
here and a detection in ObsID 835 (2000 Jan 5; 26.5 ks GTI), 
in which the source is about half as bright (4.9+0.5 versus 
10+0.7 cts ks~ : ). The energy quantiles are consistent. 

3.4. AGNs or Galactic accreting binaries 

The relatively hard X-ray spectra of CBS 1, 9, 13, 15, 16, 
and 18 suggest that their X-rays are accretion-powered, but 
with the information we have we cannot distinguish between 
AGNs or Galactic sources. The spectra of most AGNs can 
be described b y power laws with photon spectral index F m 
1 - 2.5 (see e.g. lTozzi et alj200q) . The spectra of our sources 
have photon indices that lie in this range, except for CBS 18 
(see below). 

The large errors on Nh.x make it difficult to constrain the 
distances, as the Nh,x values are consistent with the total 
Galactic column densities A^Gai towards these sources at the 
<2.5cr level. Therefore, for these sources we can only derive 
lower limits to the distance. Only for CBS 13 does Nn,x ex- 
ceed A^n.Gai by >3cr; but while an AGN nature is the most ob- 
vious explanation, one cannot exclude it is a highly-obscured 
Galactic source. 

For CBS 1 and 9 we have candidate optical counterparts, 
but no optical spectra to classify them. The Ha - R col- 
ors show no indication of an excess Ha flux. Whereas 
the spectra of most CVs and quiescent X-ray binaries 
show clear Ha emission (e.g. iTorres et"aT1 l2004h . some 
qLMXBs have Ha emission lines with equivalent widths > 
-10A (e.g. lElebert et al.l d2009l) ). Such weak lines are not 
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expected to make the Ha - R color stand out (see Fig. 4 in 
IZhao et all (120051) ). We also note that our method to look 
for Ha excess sources only works for redshift z = 0, and 
fails for objects at significantly higher redshifts. Follow-up 
spectroscopy of the candidate counterparts is necessary for 
an unambiguous classification. CBS 13, 15, 16, and 18 have 
no candidate optical counterparts down to the limiting magni- 
tude of our Mosaic images. The (limits on the) \og(Fx/ Fr) u 
values of all six sources are consistent with both a Galactic 
and a n extra-galactic interpretation (e.g. Hornschemeier et al. 

HI. 

For CBS 18 /Vh,x is relatively low compared to Nh,g-a 
((2.1 ± 1.5) X 10 22 cirT 2 versus 5.8 x 10 22 cm -2 ), and it may 
be the best candidate among this subset to be an accreting 
binary. The spectral fit gives an unusually fiat photon index 
(T = -0.3+0.4), and there is a hint of a systematic trend in the 
residuals above 5 keV. The data are of insufficient quality to 
test for the presence of an emission line, which is not included 
in our model but could skew the spectrum to seem flatter than 
it actually is. 

CBS 18 is also detected in the consecutive Chandra obser- 
vations 949 (42 ks) and 1523 (58 ks) from 2000 Feb 24/25. 
The energy quantiles and count rates are consistent in all ob- 
servations. The combined light curve from ObsIDs 949 and 
1523 shows a weak sign of periodicity at P — 503 + 1 s, with 
the corresponding peak in the Lomb-Scargle periodogram just 
above the 99% confidence level. As the folded light curve 
does not look convincingly variable, we consider this detec- 
tion marginal at best. There is no sign of periodicity in the 
light curve from the observation analyz ed here. 

CBS 18 lies in the field observed by lEbisawaet all (120051) 
and is their source # 200 or CXOGPE J 184355. 1-035829. 
Ebisawa et al. did not find a counterpart in the nIR follow-up 
campaign, which is complete down to J = 18, H = 17, and 
K s - 16. The lack of a counterpart implies \og(Fx/F~K s )u > 
0.17, which also points at an accretion-powered source. 

4. DISCUSSION 

Our sample of 21 bright sources consists of 12 stars and 9 
accretion-powered sources. Except for CBS 5, the stars are 
coronal emitters where magnetic fields play a major role in 
developing or sustaining hot plasmas. Among the accreting 
sources, two are Galactic binaries (CBS 7 is a CV; CBS 17 is 
a candidate symbiotic binary), CBS 18 could be a CV, one is 
a confirmed AGN, and for the remaining six this distinction 
is less clear. We first discuss three of our bright sources in a 
broader context, and then continue to consider our sample as 
a whole. 

4.1. Individual systems 
4. 1 . 1 . CBS 7: a likely magnetic cataclysmic variable 

T he hard spectrum of CBS 7 suggests it is a magnetic CV 
(e.g. lHeinke et a l. 2008), although som e dwarf novae in qui - 
escence have hard spectra as well (e.g. Bal man et al.ll201 lb . 
Magnetic CVs can be divided in two subclasses. In polars, the 
magnetic field is strong enough (B > 10 MG) to lock the spin 
to the orbital motion. Intermediate polars (IPs) have fields of 
moderate strength (B ss 1-10 MG), which are too weak to 
force synchronism. It is not clear which of these classes CBS 
7 belongs to. Our follow-up optical and nIR data indicate that 
the longer of the two X- ray periods is l ikely the orbital pe- 
riod (Pb) and we refer to lServillat et al.l d201 ll) for a detailed 
discussion. The origin of the shorter period is less clear. If 



the system is synchronized, the variability could be caused by 
the two poles or accretion spots on the white dwarf being par- 
tially (self)eclipsed. If the system is asynchronous, the shorter 
period could reflect the white-dwarf spin period (P s ), which 
would then be half the orbital period by chance. The ratio of 
the periods (P s m 0.5P/,) is relatively high compared to the 
typical ratio for IPs; most have P s < 0.3/V It would add 
CBS 7 to a small but growing number of "near-sy nchronous" 
IPs that may be evolvin g towards synchronism (Nort onet alj 
120081: iHong et al.ll201 ll) . As the X-ray spectral properties of 
CBS 7 do not vary with count rate, the dips are likely not 
caused by a variation of the local amount of absorbing mate- 
rial. It is not uncommon for magnetic CVs to be internally 
absorbed, which can cause our distance and Lx estimates to 
be overestimated. 

4.1.2. CBS 17: a new hard X-ray emitting symbiotic? 

Traditionally, symbiotic binaries were thought of as soft X- 
ray emitters. This picture was mostly based on ROSAT ob- 
servations that were limited by its soft response (Miirs et et alJ 
119971) . Recently, an increasing number of symbiot i cs has been 
detected at harder energies (IKennea et alJ l2009 | : | Luna et al] 
120101: Ivan den Berg et alll2006l) . iKennea et all (120091) suggest 
that for RTCru, TCrB, CD-57 3057, and CHCyg the hard 
X-rays are thermal and come from an accretion-disk bound- 
ary layer around a massive, non-magnetic white dwarf. The 
potentially high white-dwarf masses makes them interesting 
as candidate SN la progenitors. CBS 17 could be a member 
of this class of "hard" symbiotics. Besides the hard spectrum, 
similarities with this class include the weak optical emission 
lines and possibly an internal absorption component. On the 
other hand, our analysis suggests that the long-term variability 
is not caused by variation s in the column den sity, whereas in 
the systems discussed by IKennea et al.l (120091) the variations 
were found to result from variations in the intrinsic absorp- 
tion. 

4.1.3. The candidate ultra-cool dwarf CBS 14 

Unlike earlier-type M stars that have a radiative core 
and convective envelope, ultracool dwarfs are fully convec- 
tive with cool and effectively neutral atmospheres. Multi- 
wavelength diagnostics indeed mark a change in magnetic ac- 
tivity around spectral type M 7, but a larger sample is needed 
to get a clearer pict ure: only 12 ultracool dwarfs have bee n 
detected in X-rays dBerger et all 120101: iRobrade et alj|2010t) . 
In this context, it is important to establish the nature of CBS 
14. Its colors place it between the M9 and L0 dwarfs. So 
far, there is no firm X-ray detection of a dwarf later than 
M 9; the L 2-dwarf Kelu- 1 with a m arginal detection of 4 pho- 
tons is the only possible exception ( Aud ard et al] l2007). With 
logLo.3-8kev/iboi > -0.7 (averaged over the observation, for 
a spectral type M9) and a duration of at least 8 ks, CBS 14 
could have been caught during one of the strongest flares seen 
in ultracool dwarfs. The upper limit on the quiesent luminos- 
ity from the XMM-Newton data is 1 x 10 27 erg s _1 (0.3-8 keV). 
This is consistent with the limits for other M 9 stars but not 
very constraining as typical quiescent luminosities are a few 
times 10 26 erg s" 1 (iBerger et al.ll2010t IRobrade et al.ll20loh 

4.2. Overall sample 

4.2.1. Contribution from background sources 

We estimate the expected number of AGNs in our sample 
using the cumulative X-ray point-source density as a function 
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of flux (logN - log S distribution) derived for high Galac- 
tic latitudes. To this end, we determine the flux limit of an 
observation by calculating the flux of a source observed at 
the aimpoint with 250 net counts (0.3-8 keV). Here we as- 
sume a T = 1.7 power-law spectrum and a column density 
equal to the integrated Galactic A^h along the line of sight. We 
do this for each of the 63 observations that we searched for 
bright sources; the values for the observations analyzed here 
are included in column 10 of Table Q] The average flux limit 
of an observation is higher than the value thus computed as 
the sensitivity decreases with offset angle from the aimpoint. 
As a first-order correction for the vignetting, we multiply the 
flux limits for the aimpoint by the ratio of the value of the 
exposure map at the aimpoint and the mode of the exposure 
map. This gives a correction factor of 1.09 for ACIS-S, and 
of 1.040 for ACIS-I. We find that the number of AGNs pre- 
dicted is r ather uncer t ain. T he logN - log S curves (0.3-8 
keV) from lKim etall (120071) predict a total of 19-57 AGNs, 
where the range is defined by the 2<x error margins in the pa- 
rameters of the log N— log S equ ation. If we use the extinction 
maps from ISchlegel et all (fl998l which on average predict a 
higher integrated Galactic column density, the number of ex- 
pected AGNs is 13-42. In f a ct, w e have 1 confirmed AGN 
and 6 candidate AGNs ( 93.31 93.4b . However, if we take into 
account statistical errors (which are not included in the ranges 
given above), and the possibility that the Galactic extinction 
is still underestimated (neither the Drimmel nor the Schlegel 
extinction models has been verified externally in an extensive 
way), the predicted and observed number of AGNs are not so 
discrepant as they might seem at first sight. In any case, it is 
likely that most of the sources in 93. 41 are indeed AGNs. 

4.2.2. Source density and log N - log 5 curves 

Using our classifications to separate the Galactic sources in 
our sample from the extra-galactic sources (including the six 
AGN candidates), we have computed the cumulative source 
density versus flux for the Galactic sources only. We do this 
by adding up the contribution of each source and normaliz- 
ing it by the area in which it could have been detected based 
on the flux limits of each of the 63 observations searched. 
As in this case we only consider Galactic sources, we have 
use d a diff erent spectral model to calculate the flux limits than 
in 94.2.11 To account for the typically softer spectra of the 
Galactic sources (see Table |2), we use a power law with pho- 
ton index F = 3 and correct for only 25% of the integrated A^h 
along the line of sight. This value of F is only appropriate for 
coronal sources, but we find that T = 1 .7 and correcting for 
the total integrated A^h give the same results. The log A^-log S 
curve for the 0.3-8 keV band is shown in Fig. [9] At the high 
end of the flux range (> 5 x 10~ 13 erg s crrT 2 ) lie the ac- 
creting sources CBS 7 and CBS 17, the early-type star CBS 
5, the highly variable source CBS 14, and the stellar coronal 
source CBS 10. The nine sources below this limit are all likely 
late-type active stars. 

We do not have enough statistics to do a detailed analy- 
sis, but can make a qualitative statement. The slope a of the 
curve logAf(> S) °c S ~ a appears flatter than the slope for an 
isotropic distribution (a = -1.5) that is expected for a truly 
homogenous angular distribution like that of AGNs, or for a 
population of local sources that is sufficiently close as to seem 

9 Fig. 6.6 in the Chandra POG suggests that this factor can be ~25% 
higher for far off-axis (>10') ACIS-I detections, depending on the spectrum 
of a source. 




Figure 9. Cumulative source density versus flux (0.3-8 keV) for only the 
Galactic sources in our sample. The relations logiV(> S) oc S" with a = -1 
(dotted line) and a = — 1.5 (dashed line, expected slope for an isotropic distri- 
bution), each normalized to the faintest flux in our sample, are also included. 
For comparison, we also show the log N - log S curve for AGNs from Kim 
et al. (2007; solid red line), which indeed has a slope close to a = -1.5. Cor- 
rection for Galactic absorpti on w as done with the model from Drim mel et alj 
12003); the model from Schlegel et al. 1 1993) gives a consistent result. See 
the electronic edition of the Journal for a color version of this figure. 

isotropic. The slope is closer to the value expected for a disk 
distribution (a = -1). The derived distances indeed place 
our Galactic sources up to 3-5 kpc away (Table |4)l. Other 
Galactic plane surveys find a simila r flattening of the Galac - 
tic logAf - log S distributions (e.g. iHertz & Grindlavl ll984), 
which for the X GPS is mostly acc ounted for by soft stellar 
coronal sources dMotch et al.ll2010h . The resulting Galactic 
source density is roughly similar to the value from the XPGS: 
we find about 6-15 sources deg~ 2 above a limiting flux of 
5 x 10~ 14 erg s _1 crrT 2 (0.3-8 keV) compared to ~3 sources 
deg~ 2 (0.4-2 keV) and -15 so urces deg" 2 (2-10 keV) in the 
region studied by the XGPS dMotch et alJ feOlO). Galactic 
sources are outnumberd by AGNs above th is flux limit (by 
a factor of 3-7 according to lKim et al.l ( 120071) ). 

4.2.3. Source templates 

In this study we have avoided the central, most obscured 
part of the plane, which enabled us to use the properties of the 
optical and nIR counterparts for source classification. Would 
Chandra have detected our sources if they were located in 
the central bulge, and if so, can we use them as templates to 
constrain the nature of more distant obscured sources? We an- 
swer this question for the specific case of the 10' x 10' region 
around Sgr A* — the Galactic center region or GCR — where 
Chandra found a large number (thousands) of X-ray point 
sources, most of which remain unidentified at other wave- 
lengths. We apply the canonical extinction for the GCR of 
A^h.x = 6 x 10 cirT 2 to our intrinsic source fluxes, and put 
them at a distance of 8.5 kpc. The deep pointings of the 
Sgr A* field reach a sensitivity of at least 5 x 10~ 15 erg s _I 
cm" 2 (S IN > 3 between 2- 8 keV for 700 ks of stacked ex- 
posures; iHong et ail (I2009I) ). All (candidate) AGNs except 
CBS 2, the two (likely) Galactic accretion-powered sources 
CBS 7 and CBS 17, and the RS CVn binary CBS 8 would 
fall above this X-ray limit. Only two sources would be bright 
enough in the nIR to be detec table in our GCR K s band obser- 
vations dLavcock et al.ll2005h . viz. CBS 8 and CBS 17. With 
K s as 15 and 14.1, respectively, they would lie above the con- 
fusion limit of K s = 15.4 in most of the region, and K s = 14.5 
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in the most crowded region within V of Sgr A*. With higher- 
resolution images, obtainable with AO imaging, they would 
be easily detectable. However, as their spectra do not show 
strong signatures of activity or accretion (not in the optical, at 
least), it is difficult to distinguish them from the random coin- 
cidences with late-type evolved star s, which abound in the old 
bulge. While lLavcock etal.1 (12005b showed that at most 10% 
of the unidentified sources around Sgr A* have such bright 
counterparts, it is important to recognize that it is not only 
young wind-fed quiescent Be-HMXBs, which have received 
much of the focus so far, that contribute to this nIR "bright" 
population of X-ray sources, but also active binaries of the 
RS CVn-type and symbiotic binaries. 

5. FUTURE WORK 

The present work is limited to a small sample of bright 
sources, but has uncovered a number of interesting systems 
that are worth detailed follow -up. Some of it is already un- 
derway. IServillat et al.l (1201 ll) present the results of an opti- 
cal/nlR study of CBS 7, and optical spectroscopy to estab- 
lish the nature of CBS 14 is planned. An extension of this 
work to the entire ChaMPlane database, which is almost 3 or- 
ders of magnitude larger, is guaranteed to find more individ- 
ual sources of interest. It also allows us to construct deeper 
\ogN - log S curves in distinct sections of the plane with 
enough statistics to investigate differences in density and dis- 
tribution of various types (accreting versus non-accreting) of 
faint Galactic X-ray sources, and can contribute to our under- 
standing of the composition of the resolved part of the Galac- 
tic Ridge. Whereas the present study falls short in the number 
of sources included, source classification of the larger sample 
has to be done in a more statistical sense than we were able to 
do for the bright sources. 
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